INTRODUCTION
============

Lumbar disc herniation (LDH) is considered to be one of the most common causes of low back pain,^[@R1]^ which often occurs in the L4/5 or L5/S1 level. Discectomy surgery was usually conducted if the conservative therapy was failed. Over the past decades, minimally invasive spine surgery (MISS) has been widely used around the world. Percutaneous transforaminal endoscopic discectomy (PTED) and microdiscectomy were 2 popular and effective MISS techniques for the management of LDH.^[@R2],[@R3]^ However, microdiscectomy may require muscle retraction, bone resection of the lamina and facet joint, and dural sac and nerve retraction.^[@R4]^ In contrast, PTED has the advantages of small incision, local anesthesia, no nerve or muscular traction, rapid recovery, short operation time, low post-operation cost, and so on.^[@R5]--[@R7]^ The work channel of PTED is ∼7 mm and it was considered to be the true MISS technique.

Puncture is an essential procedure for PTED, and accurate puncture requires an accurate location of the target and accurate puncture trajectory. Similar with other MISS technique, PTED requires repeated fluoroscopy for the puncture.^[@R8],[@R9]^ Once the puncture target was inaccurate, increased puncture would be inevitable and it might increase the risk of injuring normal tissues. Once the puncture was increased, increased fluoroscopy would be inevitable which might need extra operation time and increase the radiation exposure to doctors and patients. Radiation exposure was considered to be associated with increased risk of cancer, cataract, and cardiovascular disease.^[@R10]^ Therefore, we designed a surface locator to identify the surgical target and applied this self-made device in clinical practice.^[@R11]--[@R13]^ However, preoperative location with our self-made surface locator might not be sufficient to reduce the fluoroscopy during PTED. In order to optimize the lumbar location system, we also designed a puncture-assisted device to optimize the puncture trajectory of PTED. The present study aimed to investigate the efficacy of novel lumbar location system in improving puncture accuracy and reducing fluoroscopy during PTED.

MATERIALS AND METHODS
=====================

General Information
-------------------

This prospective nonrandomized control study is approved by institutional review board of Shanghai Tenth People\'s Hospital (clinical registry: ChiCTR-ICR-15006730). Consent forms were obtained from all included patients prior to PTED. From July 13, 2015, patients who received PTED in Orthopedic Department of Shanghai Tenth People\'s Hospital were enrolled in the study. The inclusion criteria were: (1) L4/5 or L5/S1 lumbar intervertebral disc herniation combined with/without foraminal stenosis or lateral recess stenosis; (2) patients with an age \>18 years old; (3) no severe mental illness or severe obesity. The exclusion criteria were: (1) combined with multilevel lumbar intervertebral disc herniation; (2) highly free intervertebral disc; (3) accompanied by lumbar spondylolisthesis, lumbar instability, lumbar malformation, vertebral fractures, active infection, or other severe spinal diseases.

The patients were evenly divided into 2 groups based on their inclusion number. Patients with odd number receiving HE\'s (designer) Lumbar LOcation (HELLO) system were assigned in Group A, and those with even number taking a conventional method were assigned in Group B. Study primary endpoint was puncture times and fluoroscopic time, and the secondary endpoint was location time and operation time. Basic information of the patients in 2 groups including age, gender, body mass index (BMI), surgical segment, conservative treatment duration, and fluoroscopy voltage and currents were also recorded.

HELLO System
------------

The HELLO system mainly consists of self-made surface locator and puncture-assisted device. The portable surface locator is made up of radiopaque material with a size of 9 × 18 cm and can be repeatedly used without sterilization (Fig. [1](#F1){ref-type="fig"}A). It consists of 4 longitudinal crossbars and 19 horizontal crossbars with 1 cm interval. Sequential numbers of different patterns (triangles, circle, rectangular, etc) are made on horizontal crossbars for rapid recognition. We can easily and accurately identify the puncture target with the recognition of the surrounding rods under fluoroscopy. The puncture-guided device consists of 3 parts, namely movable supporting base, micro-regulation part, and 90-degree arc for trajectory-guided puncture (Fig. [1](#F1){ref-type="fig"}B). The movable supporting base has 5 rollers with brakes. The microregulation part can realize 3-dimensional regulation and freely rotate the arc along the vertical axis. The arc has a slider that could slide along the track and be locked. There were 2 infrared generators in the terminal vertex of the arc for location.

![HE\'s Lumbar lpcation system consisting of surface locator and puncture-guided device. A = real picture of surface locator, B = real picture of puncture-guided device, C = the theory of puncture-guided device.](medi-94-e2189-g001){#F1}

The basic theory of puncture-guided device is that the puncture target always remains in the center of the 90 degree arc. We can interpret the theory of the puncture-guided device as followed: the back and lateral projections of the puncture target could be marked by the pen on the skin according to the anteroposterior fluoroscopy and lateral fluoroscopy, respectively. Then we located the puncture-guided device with 2 infrared beams on the back marker and lateral marker. At this very position, the puncture target remains in the center of the arc, even we rotate the arc along the vertical axis (Fig. [1](#F1){ref-type="fig"}C). Then we can freely rotate the arc to a satisfactory angle along the vertical axis and regulate the slider along the tract to an appropriate angle according to the different segment for the puncture. The needle guider on the slider can also be extended and then fixed. After these processes, an optimal puncture trajectory can be realized and the needle can be puncture through the needle guider to the exact target position.

Surgical Procedure
------------------

For patients in group A, they were told to get a prone position on the table and parallel to the long axis of operating table. The surface locator was attached to the back and lateral skin of the patient, and then standard anteroposterior and lateral fluoroscopy were obtained by C-arm fluoroscopy (Fig. [2](#F2){ref-type="fig"}). We identified the puncture target according to the fluoroscopy films and marked them with marker pens on the back and lateral skin. We drew the rough shape of the transverse process near the puncture target and the outline of iliac crest by touching. An assumed approach line was drawn on the back with a certain angle between the approach and the horizontal line. The entry point of the assumed approach was 12 to 13 cm lateral to spinal middle line. A puncture-guided device was moved beside the operating table and fixed by pushing down the brake on the rollers (Fig. [3](#F3){ref-type="fig"}). The arc was microregulated in 3 different directions to make sure that the infrared beam was right on the skin markers of the puncture target. At this very position, the puncture target remains in the center of the arc. The arc and its slider were regulated to a proper position according to the rough outline of iliac crest and the surgeons experience on different segments. The needle guider was then regulated as near as possible to the patient. A 18G puncture needle could be inserted through the needle guider to the exact puncture target. The following procedures were the same as it was done in the conventional process.

![The usage of surface locator in percutaneous transforaminal endoscopic discectomy. A = attachment of surface locator to the back and the lateral skin, B = anteroposterior fluoroscopy of surface locator, C = lateral fluoroscopy of surface locator, D = identifying the puncture target on the film, E = marking the puncture target on the skin, F = drawing the entry point and planned trajectory.](medi-94-e2189-g002){#F2}

![The usage of puncture-guided device in percutaneous transforaminal endoscopic discectomy. A = post-sterilization of puncture-guided device, B = positioning the infrared ray to the back and lateral markers, C = rotating the arc to an appropriate angle, D = regulating the slider and locking it, E = positioning the needle guider to the entry point, F = inserting the needle through the needle guider.](medi-94-e2189-g003){#F3}

In Group B, the location of puncture target and puncture procedure were undergoing the conventional methods and relied on the experience of the surgeons. Briefly, we touched the iliac crest and spinous process to roughly judge the position of the target segment. Then we used needles to identify the puncture target and the fluoroscopy channel to roughly outline the puncture trajectory under fluoroscopy. We might also draw an assumed approach line and then inserted the 18G needle into the target dependent on the surgeons' experience after disinfection and local anesthesia. Then a guide wire was inserted through the needle into the target foramen and the needle was removed. An incision of 8 mm was made, and guiding rods were introduced step by step. Then a cannulated dilator was inserted and the guide wire was removed. A working channel was inserted into the area of the extruding fragment followed by an endoscope. The extruding disc was removed using endoscopic forceps and radio frequency. After the herniated fragment was completely removed, the endoscope and cannula was removed, and the skin was closed with 1 stitch. For those with foraminal stenosis or lateral recess stenosis, the PTED was performed according to the standard procedure described by Thomas Hoogland.^[@R14]^

Statistical Analysis
--------------------

Statistic software SPSS17.0 (IBM Corporation, 1 New Orchard Road Armonk, New York, United States) was adopted to conduct the statistical analysis. Enumeration data were demonstrated as mean ± SD. Independent student *t* test was used to compare the difference of continuous variables between the 2 groups. Chi square test was used to compare the difference of categorical variables between the 2 groups. We also conducted the Pearson correlation test to analyze the potential correlation between puncture times and fluoroscopic time, fluoroscopic time and operation time, location time and operation time. *P* \< 0.05 was considered as statistical significance.

RESULTS
=======

By September 10th 2015, a total of 62 patients who received PTED were included in this study with 31 cases in the 2 groups, respectively (Fig. [4](#F4){ref-type="fig"}). Totally 68 patients were initially identified, and 6 patients were excluded (1 highly free intervertebral disc, 2 combined with lumbar instability, 3 multilevel lumbar disc herniation). All 62 included patients completed the PTED surgery, and intraoperative blood loss was negligible without blood transfusion (Table [1](#T1){ref-type="table"}). There were 11 men and 20 women in Group A, and there were 12 men and 19 women in Group B (*P* = 0.793). The average age was 45.35 ± 8.70 years in Group A and 46.61 ± 7.84 years in Group B (*P* = 0.552). The body mass index (BMI) was 23.05 ± 1.77 in Group A and 22.89 ± 1.65 in Group B (*P* = 0.706). The conservative time was 10.26 ± 2.38 months in Group A and 10.19 ± 2.32 months in Group B (*P* = 0.914). The number of surgical segments was 16 cases at the L4/5 level and 15 cases at the L5/S1 level in Group A. The number of surgical segments was 14 cases at the L4/5 level and 17 cases at the L5/S1 level in Group B. There were no significant differences in surgical segments between the 2 groups (*P* = 0.611). There were no significant differences in anteroposterior fluoroscopy voltage, lateral fluoroscopy voltage, anteroposterior fluoroscopy current, and lateral fluoroscopy current between the 2 groups (*P* \> 0.05).

![Flow chart of included patients undergoing percutaneous transforaminal endoscopic discectomy in the study.](medi-94-e2189-g004){#F4}

###### 

Clinical Characteristics of Included Patients Between the 2 Groups

![](medi-94-e2189-g005)

As demonstrated in Table [2](#T2){ref-type="table"}, the puncture times were 1.19 ± 0.48 in Group A and 6.03 ± 1.87 in Group B (*P* = 0.000). The fluoroscopic time(s) were 14.03 ± 2.54 in Group A and 25.19 ± 4.28 in Group B (*P* = 0.000). The location time was 4.67 ± 1.41 minutes in Group A and 6.98 ± 0.94 minutes in Group B (*P* = 0.000). The operation time was 79.42 ± 10.15 minutes in Group A and 89.65 ± 14.06 minutes in Group B (*P* = 0.002). The hospital stay was 2.77 ± 0.95 days in Group A and 2.87 ± 1.02 days in Group B (*P* = 0.702). There was strong correlation between puncture times and fluoroscopic time (*r* = 0.951, *P* \< 0.001). There was mild correlation between fluoroscopic time and operation time (*r* = 0.392, *P* = 0.002). However, there was no correlation between location time and operation time (*r* = 0.251, *P* = 0.049). There were 1 case of postoperative dysthesia in Group B, and 2 cases of residual disc in Group A and Group B, respectively (*P* = 0.386).

###### 

Clinical Outcomes of HE\'s Lumbar Location System in Percutaneous Transforaminal Lumbar Discectomy

![](medi-94-e2189-g006)

DISCUSSION
==========

Accurate puncture is an essential step in the MISS technique for minimizing puncture injury and radiation exposure, especially in PTED. The present study introduced the HELLO system into clinical practice and confirmed that our self-made HELLO system could significantly improve the puncture accuracy and reduce its fluoroscopic time, preoperative location time as well as operation time. The highlight of HELLO system was accurate preoperative location and definite trajectory. The surface locator could obtain an accurate preoperative location of puncture target in PTED, even could be in any other spinal surgery. The puncture-guided device allowed the surgeon to regulate the angles freely to obtain an ideally definite trajectory and the puncture target still remained in the center of the arc.

The HELLO system might be a promising approach for minimizing strategy of radiation protection. There were several strategies to minimize the radiation exposure in current fluoroscopy-related room, such as reducing fluoroscopy duration, extending distance to the radiation source, optimizing the C-arm fluoroscopy setting, wearing leaded shields, as well as avoiding direct exposure.^[@R15]^ Shielding prevention such as lead aprons or thyroid gland shield was regarded as the most efficient method.^[@R11]^ Keeping away from the tube like 3 feet way or more was considered as the second important method to reduce the radiation.^[@R16]^ Optimizing the C-arm fluoroscopy setting means using automatic pulse mode as much as possible and keeping the tube under the operating table.^[@R17],[@R18]^ In addition, we are supposed to use the hand-free technique to keep the hands away from the beam if possible.^[@R8]^ All these strategies or protection tips could be summed up as 4 main theories based on the ALARA (as low as reasonably achievable) principle,^[@R19]^ namely time minimizing, distance increasing, shield protection, and source control. As for our HELLO system, we realized the fluoroscopy reduction based on the theory of time minimizing.

The HELLO system might also have some advantages over other novel navigation instruments with less radiation in the MISS field. O-arm fluoroscopy was considered to be more accurate in navigation and very efficient in minimizing radiation dosage in MISS.^[@R20],[@R21]^ Moreover, intraoperative magnetic resonance imaging (MRI) navigation and ultrasonic navigation were also 2 novel techniques without x-ray radiation to operating room staff.^[@R8],[@R22]^ However, it should be pointed out that O-arm fluoroscopy has not been widely applied especially in developing countries. Intraoperative MRI navigation is extremely expensive and ultrasonic navigation were not well validated. In contrast, the HELLO system offered a practical alternative to minimize the fluoroscopy time. The average fluoroscopy time reduction could be achieved by 44.30%, and the average operation time reduction was 10.23 minutes. In addition, the surface locator reduced an average preoperative location time of 2.31 minutes, and more importantly, the puncture-guided device could obtain an ideal needle position by 1 puncture basically (Fig. [5](#F5){ref-type="fig"}). Last but not least, the HELLO system was portable and very flexible, and the puncture-guided device could also be widely used in epidural steroid injection, intraspinal tumor biopsy, spine abscess drainage, and other spine surgeries.

![Ideal position of needle by 1 puncture and successful removal of herniated disc. A = anteroposterior fluoroscopy at L4/5, B = lateral fluoroscopy at L4/5, C = anteroposterior fluoroscopy at L5/S1, D = lateral fluoroscopy at L5/S1, E = preoperative magnetic resonance imaging of lumbar disc herniation, F = postoperative magnetic resonance imaging confirming the removal of herniated disc.](medi-94-e2189-g007){#F5}

Further potential of HELLO system and some limitations of the study should also be noted. Learning curve of the PTED is quite steep, and beginners tend to quit due to the difficult punctures.^[@R23]--[@R28]^ This MISS technique heavily relies on the puncture experience of subjective feeling at the very beginning. Countless punctures will defeat the confidence of junior surgeons, especially at the L5/S1 level with high iliac crest and large transversus process. With accurate preoperative location of puncture target and definite trajectory, the HELLO system might has the potential to help the junior surgeons to get command of PTED easily. Further research studying the potential of HELLO system in reducing learning difficulty of PTED for junior surgeons are under investigation. However, when using our HELLO system, the surface locators should be placed as near as possible to the skin and could be fixed by tapes. As for the puncture-guided device, the tube of the C-arm fluoroscopy should be parallel to the ground as much as possible when taking anteroposterior films. Meanwhile, it should be perpendicular to the ground as much as possible when taking lateral films. In addition, this was not a randomized control study, which we might optimize the design in the following days. Last but may not the least, we did not demonstrated the radiation dosage to sensitive organs of the surgeons in this preliminary report as many other studies did.^[@R8],[@R17],[@R29]--[@R32]^ It was because the thermoluminescence dosimeter were measured by cumulative dosage and we would present the radiation reduction in future papers with larger participants.

CONCLUSIONS
===========

The highlight of HELLO system is accurate preoperative location and definite trajectory. The HELLO system can significantly improve the puncture accuracy of PTED and reduces the fluoroscopic time, preoperative location time, as well as operation time. This preliminary report of HELLO study indicates the significant benefits of HELLO system in minimizing puncture injury and radiation exposure of PTED, which may have a great potential application in clinical practice. Further researches studying the potential of HELLO system in reducing learning difficulty of PTED for junior surgeons are also under investigation.
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